We study oscillatory properties of a class of second-order nonlinear neutral functional differential equations with distributed deviating arguments. On the basis of less restrictive assumptions imposed on the neutral coefficient, some new criteria are presented. Three examples are provided to illustrate these results. MSC: 34C10; 34K11
Introduction
This paper is concerned with oscillation of the second-order nonlinear functional differential equation
r(t) z (t)
α- z (t) + By a solution of (.), we mean a function x ∈ C([t x , ∞), R) for some t x ≥ t  , which has the properties that z ∈ C  ([t x , ∞), R), r|z | α- z ∈ C  ([t x , ∞), R), and satisfies (.) on [t x , ∞).
We restrict our attention to those solutions x of (.) which exist on [t x , ∞) and satisfy sup{|x(t)| : t ≥ T} >  for any T ≥ t x . A solution x of (.) is termed oscillatory if it is neither eventually positive nor eventually negative; otherwise, it is called nonoscillatory. Equation (.) is said to be oscillatory if all its solutions oscillate.  licensee Springer. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. http://www.boundaryvalueproblems.com/content/2014/1/68
As is well known, neutral differential equations have a great number of applications in electric networks. For instance, they are frequently used in the study of distributed networks containing lossless transmission lines, which rise in high speed computers, where the lossless transmission lines are used to interconnect switching circuits; see [] . Hence, there has been much research activity concerning oscillatory and nonoscillatory behavior of solutions to different classes of neutral differential equations, we refer the reader to [-] and the references cited therein.
In the following, we present some background details that motivate our research. Recently, Baculíková 
where
Baculíková and Džurina [, ] and Li et al.
[] investigated oscillatory behavior of a second-order neutral differential equation
Ye and Xu [] and Yu and Fu [] considered oscillation of the second-order differential equation 
As yet, there are few results regarding the study of oscillatory properties of (.) under the conditions p(t) ≥  or lim t→∞ p(t) = ∞. Thereinto, Li and Thandapani [] obtained several oscillation results for (.) in the case where (.) holds, σ (ξ ) = ξ , and
In the subsequent sections, we shall utilize the Riccati substitution technique and some inequalities to establish several new oscillation criteria for (.) assuming that (.) holds http://www.boundaryvalueproblems.com/content/2014/1/68
All functional inequalities are assumed to hold eventually, that is, they are satisfied for all t large enough.
Main results
In what follows, we use the following notation for the convenience of the reader:
, and
where h, ρ, and η will be specified later.
a) ≤ t, and g(t, a) ≤ τ (t) for t ∈ I. Suppose further that there exists a real-valued function h ∈ C  (I, R) such that p[g(t, ξ )] ≤ p[h(t)] for t ∈ I and ξ ∈ [a, b]. If there exists a real-valued function
Proof Let x be a nonoscillatory solution of (.). Without loss of generality, we assume that there exists a t  ∈ I such that
, one has, for all sufficiently large t,
Using the inequality (see [, Lemma ])
By virtue of (.), we get
Thus, r|z | α- z is nonincreasing. Now we have two possible cases for the sign of z :
which yields
Then we obtain lim t→∞ z(t) = -∞ due to (.), which is a contradiction.
We define a Riccati substitution
Differentiating (.), we get
Therefore, by (.), (.), and (.), we see that
Similarly, we introduce another Riccati transformation:
Differentiating (.), we have
Therefore, by (.), (.), and (.), we find
Combining (.) and (.), we get
It follows from (.) that
Integrating the latter inequality from t  to t, we obtain
ω(t) and
Using the inequality
we get
On the other hand, define
υ(t) and
Then we have by (.)
Thus, from (.), we get
which contradicts (.). This completes the proof.
Assuming (.), where p  and τ  are constants, we obtain the following result. 
Theorem . Suppose (H  )-(H  ), (.), (.), and let g(t, a) ∈ C  (I, R), g (t, a) > , g(t, a) ≤ t, and g(t, a) ≤ τ (t) for t ∈ I. If there exists a real-valued function ρ ∈ C  (I, (, ∞))
Proof As above, let x be an eventually positive solution of (.). Proceeding as in the proof of Theorem ., we have z (t) > , (.), and (.) for all sufficiently large t. Using (.), (.), and (.), we obtain
The remainder of the proof is similar to that of Theorem ., and hence it is omitted.
Theorem . Suppose we have (H  )-(H  ), (.), and let τ (t) ≤ t and g(t, a) ≥ τ (t) for t ∈ I. Assume also that there exists a real-valued function h ∈ C  (I, R) such that p[g(t, ξ )] ≤ p[h(t)] for t ∈ I and ξ ∈ [a, b]. If there exists a real-valued function
Proof Let x be a nonoscillatory solution of (.). Without loss of generality, we assume that there exists a t  ∈ I such that x(t) > , x[τ (t)] > , and x[g(t, ξ )] >  for all t ≥ t  and ξ ∈ [a, b]. As in the proof of Theorem ., we obtain (.) and (.). In view of (.), r|z | α- z is nonincreasing. Now we have two possible cases for the sign of z : (i) z <  eventually, or (ii) z >  eventually. (i) Suppose that z (t) <  for t ≥ t  ≥ t  . Then, with a proof similar to the proof of case (i) in Theorem ., we obtain a contradiction.
(ii) Suppose that z (t) >  for t ≥ t  ≥ t  . We define a Riccati substitution
Then ω(t) > . From (.) and τ (t) ≤ t, we have
Differentiating (.), we obtain
Therefore, by (.), (.), and (.), we see that
Similarly, we introduce another Riccati substitution:
Then υ(t) > . Differentiating (.), we have
Therefore, by (.) and (.), we get
Combining (.) and (.), we have
It follows from (.) and g(t, a) ≥ τ (t) that
Using inequality (.), we have
Then, by (.), we obtain
Thus, from (.), we get
which contradicts (.). This completes the proof.
Assuming we have (.), where p  and τ  are constants, we get the following result.
Theorem . Suppose we have (H  )-(H  ), (.), (.), and let τ (t) ≤ t and g(t, a) ≥ τ (t) for t ∈ I. If there exists a real-valued function
Proof Assume again that x is an eventually positive solution of (.). As in the proof of Theorem ., we have z (t) > , (.), and (.) for all sufficiently large t. By virtue of (.), http://www.boundaryvalueproblems.com/content/2014/1/68 (.), and (.), we have (.) for all sufficiently large t. The rest of the proof is similar to that of Theorem ., and so it is omitted.
In the following, we present some oscillation criteria for (.) in the case where (.) holds. Letting l → ∞, we have  ≤ z η(t) + r /α (t)z (t)δ(t). http://www.boundaryvalueproblems.com/content/2014/1/68
